The essential oils obtained from the fresh rhizome, leaf, and pseudostem of Alpinia aquatica Roscoe. were hydrodistillated and analyzed using capillary gas chromatography (GC) and gas chromatography-mass spectroscopy (GC-MS). β-Pinene (11.7%), α-humulene (8.9%), aromadendrene (8.7%), and sabinene (7.7%) were the major components in the rhizome oil. The most abundant components of the leaf oil were germacrene D (21.3%), β-pinene (15.6%) and sabinene (12.1%), while α-humulene (19.8%), germacrene D (15.2%) and β-caryophyllene (8.7%) were the main constituents in the pseudostem oil. Antityrosinase assay revealed that all the three essential oils exhibited weak tyrosinase inhibition activities. The rhizome oil showed the highest inhibition activity with the value of 9.5% for the L-DOPA oxidation.
A. aquatica grows up to 10 feet high with a 3-foot spread in low to mid-elevation forests and forms clumps with stems from 1-3 meter high [11] . In further exploration on Alpinia species in Malaysia, we investigated the essential oil compositions of A. aquatica and their tyrosinase inhibition activity. Chemical compositions of the rhizomes oil of A. aquatica which was collected from Muar, Johor had previously been reported by Sirat et al. [12] . To the best of our knowledge, there is no report on the leaf and pseudostem oils of A. aquatica. Thus, the chemical compositions of the leaf and pseudostem oils of A. aquatica were analyzed and are reported here for the first time. Based on analysis of the GC chromatogram of the leaf oil led to the identification of 36 compounds amounting to 83.6% of the total oil composition. Among these compounds were monoterpene hydrocarbons (40.5%), monoterpenoids (1.9%), sesquiterpene hydrocarbons (39.5%) and sesquiterpenoids (2.2%). Germacrene D (21.3%) was the most abundant compound found in the leaf oil followed by β-pinene (15.6%) and sabinene (12.1%) which are monoterpene hydrocarbons. The occurrence of germacrene D as the major constituent in essential oils of Alpinia species has not been previously reported.
The pseudostem oil of A. aquatica comprised of 37 constituents, accounting for 80.4% of the analyzable oil components. The oil was rich in sesquiterpene hydrocarbons (60.8%), containing mainly α-humulene (19.8%), germacrene D (15.2%) and β-caryophyllene (8.7%) whereas low in monoterpenes hydrocarbons (11.2%) including β-pinene (3.7%). A total of 3.9% monoterpenoids, 4.3% sesquiterpenoids and 0.2% others were also identified in the oil. α-Humulene had previously been detected as the major constituent in the leaves oil of A. allughas Rosc. [13] . α-Humulene possessed several therapeutic efficacies such as anti-inflammatory and acts as a fumigant [14] .
The analysis of the rhizome oil identified 49 constituents, representing 79.1% of the oil sample. This rhizome oil consisted of 34.7% monoterpene hydrocarbons, 5.8% monoterpenoids, 24.9% sesquiterpene hydrocarbons and 4.9% sesquiterpenoids. β-Pinene (11.7%) and sabinene (7.7%) were predominant in monoterpene hydrocarbons while, α-humulene (8.9%) and aromadendrene (8.7%) were found to be the highest sesquiterpene hydrocarbons in the oil. β-Pinene has been reported as the major compound in fruit oil of A. pinnanensis [15] , leaf oils of A. purpurata (Vieill) K. Schum. [16] , leaf and flower oils of A. hainanensis and A. katsumadai, respectively [17] . On the contrary, the chemical compositions of the rhizomes oil reported in the present investigation were entirely different from the previously isolated oil compositions of this species. Being the major constituents of previously isolated rhizomes oil, β-sesquiphellandrene (37.5%) and 1,8-cineol (21.2%), were completely absent in the rhizomes oil of the current investigation. In addition, β-pinene (0.9%) was detected in scarce amount in the preliminary study [12] . The variation in oil compositions of rhizomes in both studies could be attributed to sampling time, GC conditions and ecotypes or genotypes [18] . The results of this research revealed that the rhizomes yielded highest content of essential oils. Germacrene D (21.3%) and α-humulene (19.8%) were the highest content of sesquiterpenes detected in leaf and pseudostem oils, respectively, while β-pinene (11.7%) was the dominant monoterpene constituent present in the rhizome oils. The tyrosinase inhibition assay for the leaf, pseudostem and rhizome oils was carried out and the results were summarized in Figure 1 . Generally, the essential oils exhibited weak tyrosinase inhibitory activity in the range of 1.4 -9.5% for the L-DOPA oxidation. This is much lower than the positive control, kojic acid which exhibited inhibition value of 87.0%. Among the three oils, the pseudostem oil was the weakest inhibitor whereas the rhizomes oil was the strongest inhibitor with percent inhibition of 1.4% and 9.5%, respectively. The leaf oil inhibited the enzyme moderately at 6.6%. Kojic acid functions as a tyrosinase inhibitor of melanogenesis and is used as a whitening agent in cosmetic [21] . A. aquatica oils were less effective than kojic acid and therefore would not be very effective in cosmetic formulations as skin whiteners.
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Experimental
Plant materials: Fresh leaves, pseudostems and rhizomes of A. aquatica Roscoe. were collected from Kuching, Sarawak in 2011. Voucher specimen of ZA2011 has been deposited at the Herbarium of the Resource Science and Technology, Universiti Malaysia Sarawak, Sarawak.
Extraction of essential oils:
The fresh leaves, pseudostems and rhizomes (1 kg each) were subjected to hydrodistillation using Dean-Stark apparatus together with water condenser for 10 hours. The pale yellowish oils were extracted using diethyl ether, dried over anhydrous MgSO 4 and stored in tight-capped vials in a refrigerator. The oils yield (w/w) of the fresh leaves, pseudostems and rhizomes were 0.09%, 0.02% and 0.10%, respectively. Gas Chromatography (GC): GC analyses were carried out using Hewlett Packard 6890 series II A. gas chromatograph equipped with flame ionization detector (FID) using Ultra-1 column (25.0 m long x 200 µm inner diameter film thickness x 0.11 µm). Helium was used as a carrier gas. The column oven was programmed from 40 ºC (after 5 min) to 300 ºC at a rate of 4 ºC/min and the final temperature was held for 3 min.
Gas Chromatography-Mass Spectrometry (GC-MS):
The qualitative GC-MS analysis was carried out using a Hewlett Packard Model 5890A gas chromatography and a Hewlett Packard Model 5989A mass spectrometer. Capillary GC-MS condition was performed as above except oven temperature was programmed from 50 ºC (5 min) to 300 ºC at 4 ºC/min and finally held for 5 min. The constituents of the essential oils were identified on the basis of their Kovat Index (KI) with reference to homologous series of n-alkanes (C 6 -C 30 , standard hydrocarbons) and by matching their mass spectra with the MS data from the Wiley Library. The Kovat Index, KI relates the retention of the sample component to the retention of saturated hydrocarbons eluted before and after the sample. Additionally, Kovat Index of the essential oils components was compared against data in the literature [19, 20] .
Tyrosinase Inhibitory Assay: Tyrosinase inhibitory assay was carried out based on the method described by Rahmani et al. [22] . 
